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(57) ABSTRACT 

The present invention provides a light guide plate (500) 
including a transparent plate (220) having an emitting Sur 
face (524) with a plurality of hemispherical embossments 
(540) formed thereon continuously side-by-side in rows and 
columns. The transparent plate also has a bottom Surface 
(226) opposite to the emitting surface, with a plurality of 
hemispherical embossments (260) formed on the bottom 
Surface. The embossments of the emitting and bottom Sur 
faces all face in a direction away from the transparent plate. 
Other embodiments are also provided. 

14 Claims, 4 Drawing Sheets 
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LIGHT GUIDE PLATE WITH 
EMBOSSMENTS AND BACKLIGHT SYSTEM 

USING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a backlight system, and 

more particularly, to a backlight system having a light guide 
plate configured for diffusing light beams. 

2. Description of the Prior Art 
A liquid crystal display is capable of displaying a clear 

and sharp image through millions of pixels of image ele 
ments. It has thus been applied to various equipment in 
which a message or picture needs to be displayed. Such as 
mobile phones and notebook computers. However, liquid 
crystal in the liquid crystal display does not itself emit light. 
Instead, the liquid crystal has to be lit up by a light Source 
So as to clearly and sharply display text, pictures and images. 
A conventional backlight system generally comprises a 

plurality of elements, such as a light source, a reflective 
plate, a light guide plate, a diffusion plate, and a prism layer. 
Among these elements, it is generally believed that the light 
guide plate is the crucial element that plays a vital role in 
determining the performance of the backlight system. The 
light guide plate serves as an instrument for receiving light 
beams from the light source, and for evenly distributing the 
light beams over the entire light guide plate through reflec 
tion and diffusion. In order to keep light evenly distributed 
over an entire Surface of an associated liquid crystal display, 
the diffusion plate is arranged at a side of the light guide 
plate. 

Taiwan Patent Publication No. 486101 issued on May 1, 
2002 discloses a backlight system, which is represented in 
FIG. 8. The backlight system 100 generally comprises a 
prism layer 130, a diffusion plate 120, a light guide plate 
110, and a linear light source 140. The linear light source 
140 is arranged at a side of the light guide plate 110. The 
prism layer 130 comprises first and second prism plates 131, 
133. Light beams from the light source 140 are directed to 
emit from a surface of the diffusion plate 120 via the light 
guide plate 110. The emitted light beams eventually pen 
etrate the prism layer 130. 
The light guide plate 110 further includes a reflective 

layer 150 disposed thereon by means of sputtering. 
The backlight system 100 is provided with the diffusion 

plate 120 so that the light beams are evenly distributed and 
can provide uniform luminance. However, the diffusion 
plate 120 is an extra element that adds to costs of raw 
materials and costs of manufacturing. In addition, when the 
light beams travel from the light guide plate 110 and from 
the diffusion plate 120, they must cross two interfaces. Each 
interface has two media with different reflective indices. 
Portions of the light beams are reflected and absorbed, and 
the luminance of the backlight system 100 is reduced 
accordingly. As a result, optical performance of the back 
light system 100 is diminished. 

SUMMARY OF THE INVENTION 

It is therefore an objective of the present invention to 
provide a light guide plate which can be manufactured at low 
cost and which reduces optical loss in a backlight system. 

In order to achieve the above objectives, a light guide 
plate in accordance with the present invention generally 
includes a transparent plate with a plurality of hemispherical 
embossments formed thereon continuously side-by-side in 
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2 
rows and columns. The transparent plate includes a light 
emitting Surface and a bottom surface opposite to the 
emitting Surface. The embossments face in a direction away 
from the transparent plate. 
The curvatures of the embossments formed on the light 

guide plate are capable of diffusing light beams introduced 
from a certain range of incident angles Such that the light 
guide plate is provided with preferred diffusion perfor 
mance. This obviates the need for an additional diffusion 
plate as generally seen in prior art backlight system. Con 
sequently, manufacturing costs are reduced. In addition, 
since the optical embossments of the light guide plate are 
integrally formed with the light guide plate with identical 
material, there is no interface between the optical emboss 
ments and the light guide plate. The optical embossments do 
not cause loss of light energy. 

According to another aspect of the present invention, a 
backlight system is provided with a light guide plate having 
improved optical performance. The light guide plate is 
configured with a plurality of hemispherical embossments 
creating enhanced light diffusion over an entire Surface 
thereof, as described above. The backlight system is pro 
vided with a light source arranged at a side of the light guide 
plate so as to illuminate the light guide plate. 

Other objects, advantages, and novel features of the 
present invention will become more apparent from the 
following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric view of a light guide plate in 
accordance with the present invention; 

FIG. 2 is a side elevation of FIG. 1; 
FIG. 3 is a top elevation of FIG. 1, showing a distribution 

of optical embossments of the light guide plate; 
FIG. 4 is a bottom elevation of FIG. 1, showing a 

distribution of dots of the light guide plate: 
FIG. 5 is a light path diagram of a single optical emboss 

ment of the light guide plate of FIG. 1; 
FIG. 6 is a side elevation of a backlight system incorpo 

rating the light guide plate in accordance with the present 
invention; and 

FIG. 7 is a top elevation of a light guide plate according 
to an alternative embodiment of the present invention, 
showing a distribution of optical embossments on an emit 
ting Surface of the light guide plate; 

FIG. 8 is an exploded, side elevation of a conventional 
backlight system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIGS. 1, 2 and 3, a light guide plate 200 in 
accordance with a preferred embodiment of the present 
invention includes a transparent plate 220 on which a 
plurality of identical optical embossments 240 are formed. 
The transparent plate 220 is generally a flat panel made from 
polymethyl methacrylate (PMMA). The transparent plate 
220 includes an incident Surface 222, an emitting Surface 
224, and a bottom surface 226. The incident surface 222 
faces a light Source (not shown in the figures), and receives 
light beams from the light source. The introduced light 
beams from the incident surface 222 are then directed to and 
emitted from the emitting surface 224. The incident surface 
222 is perpendicular to the bottom surface 226, while the 
emitting surface 224 is opposite to the bottom surface 226. 
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The embossments 240 are evenly distributed on the 
emitting Surface 224, and are integrally formed with the 
transparent plate 220. The embossments 240 are generally 
hemispherical or partially hemispherical, and face outwardly 
away from the emitting Surface 224. That is, a curvature of 
each embossment 240 is equal to or less than 180 degrees. 
In the preferred embodiment, the embossments 240 are 
arranged a distance away from each other. In an alternative 
embodiment, embossments 540 of a light guide plate 500 
may be arranged on an emitting Surface 524 continuously 
side-by-side in rows and columns, as shown in FIG. 7. In the 
preferred embodiment, each embossment 240 includes a 
curved surface 242, which diffuses most light beams coming 
from the incident surface 222. In addition, the embossment 
240 diffuses light beams diffused or reflected from the 
bottom surface 226. As a result, the light beams introduced 
into the transparent plate 220 are evenly emitted from the 
emitting Surface 224. 

Referring to FIGS. 2 and 4, the bottom surface 226 is 
provided with a plurality of identical dots 260. The dots 260 
diffuse light beams coming from the incident surface 222 of 
the transparent plate 220, so that the light beams are evenly 
emitted from the emitting surface 224. 
The dots 260 are generally hemispherical or partially 

hemispherical, and are evenly distributed on the bottom 
surface 260 of the transparent plate 220. The dots 260 help 
defuse complete reflection of the light beams within the 
transparent plate 220. That is, incident light beams traveling 
to the dots 260 are diverted so that they emit from the 
emitting surface 224 of the transparent plate 220 instead of 
being reflected therefrom. The dots 260 are generally hemi 
spherical, and face outwardly away from the bottom surface 
226. In the preferred embodiments, a radius of each dot 260 
is larger than a radius of each embossment 240. 

Referring to FIG. 5, a light path within one embossment 
240 is shown. If there were no embossment 240, a light 
beam 300 diffused and reflected from the bottom surface 226 
would emit from the emitting Surface 224 at an angle B. 
assuming that an incident angle C. of the light beams 300 is 
less than a complete reflection angle. However, by the 
provision of the embossment 240 on the omitting surface 
224, the light beam 300 is first completely reflected at the 
curved surface 242, and then is incident into the curved 
Surface 242 at an angle Y. If the angle Y is Smaller than the 
complete reflection angle, then the light beam 300 is emitted 
from the curved Surface 242 at an angle e. The light beam 
300 travels from a medium of high refractive index, in which 
the refractive index is larger than 1, into the medium of air 
which has a relatively low refractive index of 1. The 
reflective formula is 

n=sin itsin (0. 

wherein 
n is the refractive index of the high reflective media, which 

is larger than 1; 
i is the emitting angle; and 
() is the incident angle. 
As can be understood from FIG. 5, in comparing the angles 
of the light beam 300 emitting from the curved surface 242 
and the emitting Surface 224, it is apparent that unlike the 
emitting surface 224 of the transparent plate 220, the curved 
surface 242 of the embossment 240 diffuses the light beam 
300 having the incident angle C. covering a certain range. 
The incident angle C. is determined by the refractive index 
of the PMMA and the curvature of the curved surface 242. 
Further, for a given diameter L, when the curvature of the 
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4 
curved surface 242 increases, the overall height D of the 
embossment 240 increases correspondingly. The angle e 
increases correspondingly, and the diffusion effect is even 
more pronounced. 

It will be appreciated that the light guide plate 200 can 
have other forms. For example, the light guide plate 200 can 
be trapezoidal or can be provided with two incident surfaces 
222. In other examples, the dots 260 can be dome-shaped, 
frustum-shaped, or cylindrical. Alternatively, the dots 260 
can be hollow regions. Such hollow regions can be hemi 
spherical, partially hemispherical, concave, frustum-shaped, 
or cylindrical. 

Referring to FIG. 6, a backlight system 400 in accordance 
with the present invention includes a light source 420 and a 
light guide plate 440. The light source 420 is arranged at a 
side of the light guide plate 400. The light guide plate 440 
is configured according to any of the embodiments described 
above. 
The backlight system 400 is not limited to the embodi 

ment shown in FIG. 7. For example, the backlight system 
400 can be provided with two light sources 420 arranged at 
opposite sides of the light guide plate 440 respectively. 

It is to be further understood that even though numerous 
characteristics and advantages of the present invention have 
been set out in the foregoing description, together with 
details of the structure and function of the invention, the 
disclosure is illustrative only, and changes may be made in 
detail, especially in matters of shape, size and arrangement 
of parts within the principles of the invention to the full 
extent indicated by the broad general meaning of the terms 
in which the appended claims are expressed. 
We claim: 
1. A light guide plate, comprising: 
a transparent plate having a light emitting Surface, and a 

bottom Surface opposite to the light emitting Surface; 
and 

a plurality of optical embossments arranged across on the 
light emitting Surface continuously side-by-side in 
rows and columns, 

wherein each of the optical embossments is substantially 
hemispherical or partially hemispherical. 

2. The light guide plate as recited in claim 1, wherein the 
transparent plate is Substantially a flat panel or is trapezoidal. 

3. The light guide plate as recited in claim 1, wherein the 
transparent plate is made from polymethyl methacrylate 
(PMMA). 

4. The light guide plate as recited in claim 1, wherein the 
optical embossments are made from polymethyl methacry 
late (PMMA). 

5. The light guide plate as recited in claim 1, wherein the 
optical embossments are integrally formed with the light 
guide plate. 

6. The light guide plate as recited in claim 1, wherein the 
optical embossments having uniform dimensions, and are 
evenly distributed on the emitting surface of the transparent 
plate. 

7. A light guide plate, comprising: 
a transparent plate having a light emitting Surface, and a 

bottom Surface opposite to the light emitting Surface; 
and 

a plurality of optical embossments arranged on the light 
emitting Surface continuously side-by-side in rows and 
columns, 

wherein the transparent plate further has a plurality of 
dots evenly distributed on the bottom surface. 

8. The light guide plate as recited in claim 7, wherein the 
dots have uniform dimensions. 
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9. The light guide plate as recited in claim 8, wherein the 
dots are generally hemispherical, partially hemispherical, 
dome-shaped, frustum-shaped, or cylindrical. 

10. The light guide plate as recited in claim 8, wherein the 
dots are hollow regions that are hemispherical, partially 
hemispherical, concave, frustum-shaped, or cylindrical. 

11. The light guide plate as recited in claim 7, wherein a 
diameter of each of the dots is larger than a corresponding 
diameter or width of each of the optical embossments. 

12. A backlight system, comprising: 
a light guide plate including a transparent plate having a 

light emitting Surface, a bottom Surface opposite to the 
light emitting Surface, and a plurality of optical 
embossments the evenly distributed on the light emit 
ting Surface of the light guide plate continuously side 
by-side in rows and columns; and 

a light source arranged at a side of the light guide plate, 
wherein said embossments are further applied upon the 
bottom surface. 

10 

15 

6 
13. A light guide plate, comprising: 
a transparent plate having a light emitting Surface, a 

bottom Surface opposite to the light emitting Surface, 
and a plurality of dots evenly distributed on the bottom 
Surface, the dots having uniform dimensions and being 
generally hemispherical, partially hemispherical, 
dome-shaped, frustum-shaped, or cylindrical; and 

a plurality of optical embossments arranged on the light 
emitting Surface. 

14. A light guide plate, comprising: 
a transparent plate having a light emitting Surface, a 

bottom Surface opposite to the light emitting Surface, 
and a plurality of dots evenly distributed on the bottom 
Surface, the dots having uniform dimensions and being 
hollow regions that are hemispherical, partially hemi 
spherical, concave, frustum-shaped, or cylindrical; and 

a plurality of optical embossments arranged on the light 
emitting Surface. 
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